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General Description Features cB esas 
The LM1872 Is a complete RF receiver/decoder for radio & Four independent intormatic : 
control applications. The device Is well sulted for use at and two digital -- 


elther 27 MHz, 49MHzor72MHzincontrollingvarioustoys Completely self-contained _ 

or hobby craft such as cars, boats, tanks, trucks, robots, s at 
planes, and trains. The crystal controlled superhet design . eee . Digi —- i: oe 
offers both good sensitivity and selectivity. When operated peration from 50 kilohertz to 72} | 

mc! _ | In conjuction with the companion transmitter, LM1871, it ™@ Highly selective and sensitive superhet | design 
;' . provides four independent information channels. Two of | ™ Operates from four 1.5V cells Bre =P F 
these channels are analog pulse width modulated (PWM) & Excellent ‘supply noise rejection r 
types, while the other two are simple ON/OFF digitalchan- — 100 mA digital output drivers fe 

nels with 100 mA drive capability. Either channel type can @ Crystal controlled Bi a nt 

be converted to the other form through simple external cir- 

cultry such that up to 4 analog or up to 4 digital channels ™ !nterfaces directly with standard ‘hobby Servos 
could be created. Few external parts are required to com- 



































plement the self-contained device which Includes local Applications — ae 
oscillator, mixer, F detector, AGC, sync output drivers, and ae 
all decoder logic on-chip. @ Toys and hobby craft a 
@ Energy saving, remotely switched | lighting systems 
@ Burglar alarms Pee) ig ~ 
® industrial and consumer remote s data links 








#: 4 4 ® |R data links ‘2 
. @ Remote slide projector control ” 


Circuit Block and Connection Diagram 


Dual-in-Line Package 
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» , bs pote Maximum Ratings 


ay Voltage 7V 
,e Dissipation (Note 2) 1000 mW 














justrial Blocks 










5. - “2 @ PiN7,8,9, 10, 110r12 v+ 
-.. ting Temperature Range — 25°Cto + 85°C 
a ne Temperature Range — 65°Cto + 150°C 

* temperature (Soldering, 10 seconds) 300 °C 


= ‘Electrical Characteristics 







channels; two | 









Parameter 


* “> 
vA 


~~ 







Functional for V,,, = 100 pV 


CHA &8B Off 
CHA &BOn 


@ Pin4 


@ Pin 13, Going from Low to 
High Voltage 


tr to 72 MHz 
superhet design 







ty Current 









teas 

gync Timer Threshold 
th standard hobby servos | “Sie pwita! Channels A and B 
ay “ts Saturation Voltage 

, x ‘Saturation Resistance 
a Source Current 














@ Pins 7 & 9, R, = 1002 « 
@ Pins7&9 
@ Pins 8 & 10, Vpi.g 8 pin 198 1V 


Pin7 & Pin9tovt 







Collector Pull-Up 

Resistance 
‘Emitter Pull-Down 
Resistance 


Analog Channels 1 and 2 
‘Saturation Voltage 

- Saturation Resistance 
‘Collector Pull-up 
Resistance 
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mel) switched lighting systems 












Pin 8 & Pin 10 to GND 






‘i remote data links 














@ Pins 11 & 12, R, =2 k2 
@ Pins 11 & 12 
Pin 11 & Pini2tovt 





AC Electrical Characteristics 


aol I, 


Parameter Conditions 
RF Sensitivity For “Solid’’ Decoded Outputs 
(Note 1) 
RF Sensitivity Circuit of Figure 5@49 MHz with 


Antenna Simulation 
Network of Figure 6 


Yoltage Gain Pin 5 to Pin 15 

PSRR of RF Sensitivity 3V<Vv + <6V 

Bw 3 dB Down @ Pin 15 

Noise | Referred to Input, Pin 5, V,,,=0 
Referred to IF, Pin 15, V,,,=0 
AGC Threshold Onset of AGC Relative to RF 


Input, Vij, @ Pin 5 
Relative to IF Output @ Pin 15 


Mixer Conversion From Pin 5 to Pin 18 @1 MHz 
Transconductance @27 MHz 
@49 MHz 


Mixer Input Impedance Pin 5 to Pin 4 @ 49 MHz 
(See Curves) 
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1.85 


Vt/2 -0.4 


V++0.07 
2.9 






58 
nd 
3.2 


0.35 
0.28 


a= p= 1, =25°C, Test Circuit of Figure 1, {,)= 49.890 MHz, f,- = 455 kHz unless otherwise specified. 













Vt/2 +0.3 









0.7 


Vt++0.13 


6.9 




































dB 
% AIV 
kHz 


uVrms 
mVrms 


mmhos 
mmhos 
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AC Electrical Characteristics (Continued) 


Parameter : Conditions 


My 


Mixer Output Impedance Pin 18 to GND 250 
Pin 17 to Pin 15 (AGC Off)@455 kHz j 4.1 
IF input Impedance Pin 17 to GND 5500 


Pin 15 to GND (AGC Off) | 800... 
(AGC On) are 


@ Pin 15, Vix, = 100 pV | 70 
(AGC On) 


Detector Threshold Relative to RF Input, V,,,, 20 
- @ Pin5 ‘ ~ 
Relative to IF Output @ Pin 15 V++0.015 V++ 0.025 


Analog Pulse Width Ratio of Received Pulse Width 0.95 1.0 
Accuracy @ Pins 11 & 12 to Transmitted aoe or. 
Pulse Width @ Pin 5 for Vin= 
100 pV 


IF Transconductance 
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IF Output Impedance 
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IF Carrier Level 
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Note 1: The criteria for the outputs to be considered “solid’ are as follows: : 
DIGITAL: In order to check the decoding section, four RF frames are inputted in sequence with the proper codes to exercise all four possible logrca: 
put combinations at pins 7 and 9. For each trame the proper output logic state must exist. 

ANALOG: Each analog pulse width (measured at pins 11 & 12) in any of the above four successive frames must not vary more than ES 5% trom the 
widths obtained for V,,, = 100 pV. 

Note 2: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction sieorthebe andar 

“thermal resistance of 120°C/W, junction to ambient. Vers 
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Typical Performance Characteristics | 96 


Digital Channel 


Supply Current vs 
Supply Voltage 


RT a eS ae FO 
piGITAL | H | 
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| “| - | CHANNELS OFF 
2 Se or ee 


SUPPLY CURRENT (mA) 


Analog Channel Output 
Voltage vs Load Current 


Collector Output Voltage 
vs Load Current _ 


@CH AOR BCOLLECTOR OUTPUT 
(PIN 7 OR 9) WITH EMITTER OUTPUT 
(PIN 8 OR 10) GROUNDED 


WV <V" <BVai|, 4 
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EEE 


Z| + oRIGH POWER 
DISSIPATION REGION 


OUTPUT SATURATION VOLTAGE (V) 
OUTPUT SATURATION VOLTAGE (Vv) 


as” § ~ 8 we? «se 01 272715 G78 8 16 


SUPPLY VOLTAGE (V) OUTPUT LOAD CURRENT (mA) OUTPUT LOAD CURRENT (mA) 


IF Output Signal Level vs 
Input Signal Level 


Mixer Transconductance (g,,) 


Sensitivity vs Supply Voltage vs Input Frequency 


TEST CIRCUIT OF FIGURE? 
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SENSITIVITY (uV) 
CONVERSION TRANSCONDUCTANCE (mmho) 
IF OUTPUT SIGNAL @ PIN 15 (mVrms) 


SUPPLY VOLTAGE (V) INPUT FREQUENCY (MHz) RF INPUT SIGNAL @ PIN 5 (u Vrms! 
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‘typical Performance Characteristics (continued) he 


sb : | . Equivalent Mixer Input Shunt 
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ee rf Resistance and Capacitance Receiver AM Rejection 
: IF Bandpass Response vs Frequency A vs RF Input Level 
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Test Circuit 


20 
to exercise all four possible logical oy. 


roi. ; + 
aan eeest NOt vary More than + 5% from the pulge 
~~ bw 24 pF 


junction temperature and a Package 
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ee 


49.435 MHz 


" Digital Channel 
Collector Output Voltage 
vs Load Current 





u @CH AOR B COLLECTOR OUTPUT 
(PIN 7 OR 9) WITH EMITTER OUTPUT 


LM1872 


MIX OUT 








IF Output Signal Level vs RF 
Input Signal Level 
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BOTTOM VIEW 
Saati aes So 
ia ii wil L1=Toko* 10k type (KEN-4028 DZ); 6T T2=Toko* 10 EZC type (RMC 402503 NO), Qu =110 
ae oe = ull ; ( T1=Toko* 10 EZC type (RMC 202313 NO), Qu=110 Pin 1-2, 98T; pin 2-3, 66T 
| 2 : Pin 1-2, 131T; pin 2-3, 33T Pin 1-3, 1647; pin 4-6, 8T 


~ Pin 1-3, 164T; pin 4-6, 5T 


* Toko America, Inc. 
5520 West Touhy Ave. 
Skokie, Ill. 60077 
(312)677-3640 Tix: 72-4372 


FIGURE 1. Test Circult 
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Circuit Description i) Gonpenrwee 4 


The following discussion Is best understood by referring The LM1871 transmitter is equipped to transmit to 
to Figures 2, 3, 4, and 5. p ; channels which the companion LM1872 receiver 
SYSTEM ENCODING AND DECODING SCHEME derive 2 analog and 2 digital channels. The r 
decodes the demodulated RF waveform trom 
For the transfer of analog information, the LM1871/ transmitter by negative edge triggering a CASCads 
LM1872 system uses conventional pulse width modula- three binary dividers called the A, B, and Ct 
tlon (PWM). In applying this technique, the RF carrier is flops (Figure 4). By “examining” all three flip-flop oy, 
interrupted for short fixed intervals (ty, In Figure 2) with simultaneously, up to 6 unique channel time inte 
each interval followed by variable width pulses (t,,,) so as could be identified and recovered. Only the first 
to define multiple variable time Spans (ty + to,,) occurring channels are actually decoded however and out 
In serial fashion. Synchronization is accomplished by the receiver, the rest being used for identification oF 
allowing one of the transmitted variable pulse widths digital (ON/OFF) channels. In passing digital info 
(tsyyo) to exceed the duration (t'sync) Of a receiver-based @ pulse count modulation scheme is used whe 
timer, thus allowing the receiver to recognize this pulse ferent quantities of channel pulses are transmitteg 
for synchronization purposes. Taken in sequence, this varying the number of fixed width channels following 
collection of pulses constitutes a single frame period (t,). two variable width analog channels 1,and 2 (see Figure» & 


eer fT" 


i ; Fess ‘ 
‘CH 1 . 
< = oe Big caei' 


_™ RF CARRIER (ASSUME PRIOR 
FRAME CONTAINED 3 PULSES ‘ed EX | | s 6 Re ee 
REPRESENTING CH A AND CH B OFF) : 

RX DEMODULATED Sic Egat LIL LILI bed 
ON ected! Ane Nel bos... ee ee 
B FLIP-FLOP Se epee BEES renee Kd . 
C FLIP-FLOP —— J fee 

ANALOG CH 1 (PIN 11) J l : te Bei tee: 

ANALOG CH 2 (PIN 12) J Renee he Le 


_— 


- 


SYNC TIMER (PIN 13) 


Aan ee 
‘ —— -— 10 us 


READ COUNTER ONE-SHOT 


rm=— 10 ws 
RESET COUNTER ONE-SHOT | 
DIGITAL CH A (PIN 7) | 


DIGITAL CH B (PIN 9) 


FIGURE 2. RX Timing Waveforms 


— CONDITIONS BINARY _ | DIGITAL OUTPUTS 
PINS (CH A)[PIN 6 (CH B)] =>} > purse count [7 cHA] GHB 
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FIGURE 3. Digital Channel Encoding and Decoding via Pulse Count Modulation 
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Circuit Description (Continued) r. YoueG 3397 





















is equipped to transmit up to 

nion LM1872 receiver uses 1. 
= 2 digital channels. The receive, # « 
pee ulated RF waveform from the 
» edge triggering a cascade of 
we called the A, B, and C toggle flip, 
i sgxamining” all three flip-flop Outputs & 
MF to 6 unique channel time Intervais 

as pnd recovered. Only the first two 

, however and outputted 

ng used for identification of two 
de s. in passing digital informat 
TF dation scheme is used whereby qi, i 
‘af channel pulses are transmitted . 
eof fixed width channels following the 
 anainn channels 1 and 2 (see Figure 3), 


7 


CLBLN I 


1 


ae 
. 





x 
- 


- 


ee 








v’ = 6v v’ = 6V 
Th 7 Op Pg . mys} 
© o ® 2 " Vv 
110 uA 110 pA 
0.5 > " as, > " 
ros : EGS 
i . 
ur 
a7 ats CHA 020 022 cHe Og O cH? 
O; % 
8 10 
* ‘ » 
10k @& 10k < 10k @ 10% 
7 eine - => = * external parts => = 





FIGURE 4. Simplified Schematic Diagram 
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Circuit Description (Continued) 


Thus elther 3, 4, 5,,or 6 channels are transmitted to repre- 
sent the four possible codes that two digital channels 
represent. The receiver intrinsically counts channels with 
its decoder flip-flops by responding to the negative edges 
of the demodulated RF waveform of which there is 
always one more than the number of channels. The two 
LSBs of the binary count are read, latched, and fed to the 
output drivers which comprise digital channels A and B. 


RECEIVER SECTION - 


The receiver circuit is a simple, single conversion design 
with AGC which mixes down to 455 kHz and provides 


RI 7 


LM1872 


TO MOTORS 
AND LOADS 








MIX OUT IF IN AGC 





Ri - Motor decoupling . C11-LO bypass 
R2 - Sync timer; R2= SYNC R2<470k ~—L1._: - LO col 


C5 - Motor decoupling. 


C6 - Sync timer, C6= _SYNC | C6 <0.5 pF 
0.7 R2 13 


i. C7 - Mixer decouple; 0.01 pF<C7<0.1yF 
: cs -~AGC 


+ 


C10 - V* bypass; 0.01 wF<C10<0.1pF D 


4 2. 1 TO 2° WHIP 





-Electrostatic discharge (ESD) protection 


FIGURE 5. Typical Application Circult for 27 MHz or 49 MHz 


a aT is 
58 dB of gain using the suggested transformers in Fi; 
5. The active digital detector provides an additional 3 
gain over a silicon diode resulting in an overall! sys 
gain of 88 dB. More or less gain can be obtained by u: 
different transformers. The frequency range of opera 
extends from 50 kHz to 72 MHz encompassing a y 
range of allocated frequency bands. 


The short (1° to 2’) vertical whip antenna that is typic 
used has a very low radiation resistance (0.50 to 40) 
approximately 3 pF to 5 pF of capacitance. This anten: 
coupled to the mixer through a high Q tank consistingc 












v* CHA CHA CHB 


(COLLECTOR) (EMITTER) (COLLECTOR) 


—— = ~=-£H8 
CH2 CH1 —_ (EMITTER) 





” 





Ae: 9 oy, ae cle 


io hb uh 


.. ee * 
| 0.7 C6 Toko* 10k type (KXNA-4434 DZ) 9T; 0.8 wH@27 MHz a Ba 
in R3 - Mixer decoupling Toko* 10k type (KEN-4028 DZ) 6T; 0.4 wH@49 MHz j ' ay 
C1 - LO bypass; optional L1 could be made a fixed coil, if desired. ; 
C2 -LO tank: C2=43 pF @ 27 MHz T1 -455 kHz mixer transformer e 
= 24 pF @ 49 MHz Toko* 10 EZC type (RMC-202313 NO), Qu=110 i 
re) C3 - Ant. input tank; C3= 39 pF @ 27 MHz did a bod Large tone A aap P 
Ba =24 pF @ 49 MHz bing ett asia +> - ae a) ot _- 
Ae C4 -V ea Ae T2 -455 kHz IF transformer oad 
43) BIAS DYP Toko* 10 EZC type (RMC-402503 NO), Qu =110 , 


Pin 1-2, 98T; pin 2-3, 66T 
Pin 1-3, 164T; pin 4-6, 8T 
-Ant. input transformer 
Toko* 10k type (KXNA-4434 DZ), 3T sec. & 9T pri. of 0.8 wH @ 27 MHz 
Toko* 10k type (KEN-4028 DZ), 1 1/2 T sec. & 6T pri. of 0.4 wH @ 49 MHz 


ie C9 - IF bypass; optional X1 -3rd overtone paraliel-mode crystal : 
Faas 

244 
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* Toko America, Inc. 
5520 West Touhy Ave 
Skokie, Ill. 60077 
(312)677-3640 Tix: 72 
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suggested transformers in Figure 


circuit Description (continued) 


ind T3. This tank effectively keeps strong out-of-band 


signals such as FM and TV broadcast from cross- 
modulating with the desired signal. When operating at 
49 MHzor72 MHz, CB interference is also effectively mini- 
mized. Image rejection is relatively low, however, being 
only 7 dB @ 49 MHz, but this does not present a problem 
gue to the usual absence of strong interfering signals 
910 KHz below the desired signal. 


The antenna signal is stepped down and DC coupled tothe 
mixer which consists of the emitter-coupled pair Q1 and 
02. Emitter-follower, Q1, feeds the common-base device, 
02, while effectively buffering the antenna from the LO 


energy delivered by Q4. Mixer transconductance is 4 
| mmhos at low frequency (1.MHz) en to3.3mmhosatthe 


upper end (72 MHz). 


The local oscillator utilizes an emitter coupled pair, Q3 
and QO4, for accurate control of mixer drive, |,. Quiescent- 
ly, Q3 and Q4 share |, set by 0.69V/R5, but healthy voltage 
swings at pin 2 due to oscillation of Q3 implement 
thorough switching of the differential pair. As a result, 
the full 1.8 mA of drive “tallgates” (switches) the mixer 
emitter coupled pair, Q1 and Q2. This current is well 
regulated from supply voltage changes by the Vajas cir- 
cultry. The TC of Vaj,s is positive by design in order to im- 
press a positive TC on |, so as to compensate for the 


_ temperature dependence of bipolar transconductance in 


the mixer: Inasmuch as Q4 operates as an emitter-gated, 
common-base-connected device, excellent isolation bet- 
ween local oscillator and mixer is obtained. As long as 
pin 4 is properly bypassed, Q5 presents a low impedance 
to the base of Q4, resulting in low oscillator noise. The 


_ oscillator easily operates up to 72 MHz with overtone 
| crystals operating parallel mode. 


The mixer signal is stepped down from the high Q mixer 
tank, T1, and DC coupled to the IF via a secondary winding. 
The IF stage consists of Q7, Q8 and Q10 and delivers a 
transconductance of 4 mmhos @ 455 kHz. The quiescent 
current, I,, is set at 120 wA by Vaiac and a 6.2k resistor. 
Again, the positive TC of V,,,. is used to compensate for 
the temperature dependence of transconductance. Theim- 
pedance at the IF output, pin 15, is very high (2800k) permit- 


» ting the IF transformer, T2, to operate at near unloaded Q 


(110). The overall 3 dB bandwidth of the receiver section is 
3.2kHz(see characteristic curves); this is narrow enough to 
permit adjacent channel operation without interference 


_ yet wide enough to pass the 500 us modulation pulses(t,,in 


Figure 2). 


The IF signal is DC coupled to the digital detector which 


consists of a high gain precision comparator, a 30 us in- 


- tegrator, and a supply-referred 25 mV voltage reference. 











Whenever the peak IF signal exceeds 25 mV, the com- 
parator drives Q11 to reset the digital envelope detector 
capacitor, C12. Since It takes 30 us for the 1 yA current 
source to ramp C12 to the 3V (V t /2) necessary to fire the 
Schmitt trigger, the presence of 455 kHz carrier 
(period = 2.2 us) greater than 25 mVp will prevent C12 from 
ever reaching this threshold. When the carrier drops out, 
the Schmitt trigger will respond 30 us later. This delay (like 
that associated with the burst response of the 455 kHz IF 
tanks) is constant over the time interval of Interest. Thus, It 
Is of no consequence to timing accuracy because the 


LM1872 responds only to negative edges in the decoder. 


20 << 


AGC is provided only to the IF; the mixer having sufficient 
overload recovery for the magnitude of signals available 
from a properly operating (i.e good carrier ON/OFF ratio) 
10,000 »V/m transmitter. The AGC differential amplifier 
regulates the peak carrier level to 100 mV by comparing It to 
an internal 100 mV supply-referred voltage reference. The 
resultant error signal is amplified and drives Q9 via rectifier 
diode, D1, to shunt current away from Q10. C8 provides 
compensation for the AGC loop which spans a70dBrange. 
The 100 mV AGC reference is accurately ratioed to the 25 
mV detector reference to permit a controlled amount of 
brief carrier loss beforedropping below detector threshold. 
Once into AGC, typically 60% amplitude modulation of the 
PWM carrier is possible before the detector will recognize 
the interference (see characteristic curves). This kind of 
noise immunity is invaluable when the troublesome effects 
of other physically close toys or walkie-talkies on the same 
or neeern frequencies are SnoOUNREteC.4 /Pvitt nee 


_ DECODER SECTION 


The purpose of the decoder is to extract the time informa- 
tion from the carrier for the analog channels and the pulse 
count information for the digital channels. The core of the 
decoder Is a three-stage binary counter chain comprising 
flip-flops A, B, and C. The demodulated output from the 
detector Schmitt-trigger drives both the counter chain and 
the sync timer (Q12, R2, C6, and another Schmitt trigger). 
When the RF carrier drops out for the first modulation 
pulse, t,,, the falling edge advances the counter (see Figure 
2.) During thet,, interval the sync timer capacitor is heldlow 
by Q12. When the carrier comes up again for the variable 
channel interval, t,,,,C6 begins to ramp towards threshold 
(V + /2) but is unable to reach it in the short time that is 
available. At the end of the t,,, period the carrier drops out 
again, the counter advances one more, and the sequence is 
repeated for the second analog channel. Todecode the two 
analog channels, 3-input NAND gates G1 and G2 examine 
the counter chain binary output so as to identify the time 
slots that represent those channels. Decoded in this man- 
ner, the output pulse width equals the sum of ty, a fixed 
pulse, and t,,,, a variable width pulse. A Darlington output 
driver interfaces this repetitive pulse to standard hobby 
servos. ; 


* 


Co — 


3 Following the transmission of the second analog channel, 


a variable quantity from one to four, of fixed width pulses 


(500 ys) are transmitted that contain the digital channel in- 


formation. Up until the end of the pulse group frame period, 
te, the decoder responds as if these fixed pulses were 
analog channels but delivers no outputs. At the conclusion 
of the frame the sync pulse, toy, is sent. Since tgync Is 
always made longer than the sync timer period (t’syyco = 3.5 
ms), the sync timer will output a sync signal to the first of 
two cascaded 10 us one-shots. The first one-shot enabies 
AND gates G3-G6 to read the A and B flip-flops of the 


counter into a pair of RS latches. The state of flip-flopA, for _ 


example, is then stored and buffered todrive 100 mA sink or 
source atthe channel Adigital output. An identical paralie! 
path allows the state of flip-flop B to appear at the channel 
B power output. Upon conclusion of the 10 us read pulse, 
another 10 us one-shot is triggered that resets the counter 
to be ready for the next frame. 
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Application Hints 


A typical application circuit for either 27 MHz or 49 MHz 
is shown In Figure 5. Using the recommended antenna In- 
put networks and driving the circuit through the antenna 
simulation network of Figure 6, a solid decoded output 
occurs for 10 uV and 12 uV input signals at 27 MHz and 
49 MHz respectively. 


! 
ot 1! 


FIGURE 6. Antenna Simulation Network 


This sensitivity has been determined empirically to be 
optimum for toy vehicle applications. Less gain will 
reduce range unacceptably and more gain will increase 
susceptibility to noise. However, should the application 
require greater range (>50m for a land vehicle, for exam- 
ple), either the antenna could be lengthened beyond 2’ 
and/or receiver sensitivity could be improved. There are a 
number of ways to alter the sensitivity of the receiver. 
Decreasing the turns ratio of input transformer, T3, for 
example, will couple more signal into the mixer at the ex- 
pense of lower tank Q due to mixer loading. Moving the 
primary tap on mixer transformer, T1, further from the 
supply side and/or decreasing the primary to secondary 
turns ratio will also increase gain. For example, just 
changing T1 from a 32:1 primary to secondary ratio toa 
5:1 turns ratio (Toko #RMC202202) will double 49 MHz 
sensitivity (6 nV vs 12 vV). Mixer tank Q will be affected 
but overall 3 dB BW will remain largely unchanged. The 
primary tap on the IF transformer, T2, can also be ad- 
justed (further from the supply side) for higher gain, but it 
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is possible to cause the AGC loop to oscillate with + 
method. | 


Sd | 


Narrow overall bandwidth Is important for good rece 
operation. The 3.2 kHz 3 dB bandwidth of the Circul 
Figure 5 is just wide enough to pass 500 us ca 
dropout pulses, t,,, yet narrow enough to hold down eje. 
trical noise and reject potentially interfering adja 
channels. In the 49 MHz band,'the five frequenc 
available are only 15 kHz apart. Should only two frequen, 


-cles be used simultaneously, these channels could 


chosen 60 kHz apart. Should three frequencies be use 
the spacing could be no more than 30 kHz. At four or ¢ 
frequencies, 15 kHz spacings must be dealt with, making 
narrow bandwidth highly desirable; Even at 27 MH, 
where allocated frequencies are 50 kHz apart, the pr, 
liferation of CB stations only 10 kHz away represents 
formidable-source of Interference. The response of th 
circuit of Figure 5 is 34 dB and 56 dB down at 15 kHz ang 
50 kHz away, respectively (see characteristic curves), 


The sync timer should have @ timeout, t’syyc, set longer 
than the longest channel pulse transmitted, but shorter 
than the shortest sync pulse, tgyyc, transmitted. Using 
the component values in Figure 5, t’syyc, = 3.5 ms, which 
works well with a transmitted synce pulse, tsync25 ms, 


Numerous bypass capacitors appear in the circuit of 
Figure 5, not all of which may be necessary for good 
Stability and performance. A low cost approach may 
eliminate one or more of the capacitors C1, C9, C10,.and 
C11. The cleaner and tighter the PCB layout used, the 
more likely is the case that bypass capacitors can be 
eliminated. In the case of marginal board stability, in- 
creasing the size of capacitors C7,,C9, and C10 to 0.1 wr 
may prove helpful. If the PCB layout and parts loading 
diagram shown in Figure 7 \Is used, the circult will be 
quite stable up to 72 MHz. r = 
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FIGURE 7. PCB Layout, Stuffing Diagram and Complete 
RX Module for Typical Application Circult of Figure 5 
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application Hints (Continued) 


digital channel output devices have significant drive 
capability; they can typically sink 100 mA and posses a 
70 saturation resistance. Through their emitters they can 

rce 100 mA up to 1V above ground for driving ground- 
ed NPNs and SCRs. Unfortunately, this kind of drive 
capability can cause thermally induced chip destruction 
yniess total power dissipation is limited to less than 
4000 mW. It ls good practice and highly recommended to 
giiow the digital output devices to fully saturate at all 
times (sinking or sourcing) and to limit the current at 
saturation to no more than 100 mA. For extra drive the 
two digital outputs can always be summed by connect- 
ing pin 7 to pin 9. 


yy op to osciliate with this 
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Tne IF frequency Is not constrained to be 455 kHz. Opera- 
tion Is limited on the high end to about 1 MHz due to the 
frequency response limitations of the active detector. 
The low end is limited to about 50 kHz due to the 
7 envelope detector integration time (Figure 4). 

a timeout, t'synoy set longer 
eel pulse transmitted, but shorter 
. syne transmitted. Using 
pfs 5, t'syno =3.5 ms, which 
3 synce pulse, tsync#5 ms. 


appear in the circuit of 
may be necessary for good 
A low cost approach may 
capacitors C1, C9, C10,.and 
the PCB layout used, the 
i bypass capacitors can be 


.- 


receiver Alignment 


The receiver alignment procedure is relatively straightfor- 
_ ward because of an absence of interaction between the 
adjustments. First, the oscillator is tuned by adjusting L1 
while monitoring the LO signal at pin 2 with a low capaci- 
ty (=10 pF) probe. During tuning the amplitude will rise, 
peak, and then abruptly quit. Adjust the coil away from 
the quitting pcint and just below the amplitude peak. 


in order to properly tune T1, T2, and T3, the RF signal 
gi marginal board stability, in- must be provided through the receiver antenna by the 
mottors C7, C9, and C10 to0.1.F @ specific transmitter which is to be used with that specific 
PCB layout and parts loading ' receiver. This is because the crystals which are common- 
We 7 is used, the circuit will be @ lyused with these systems may have tolerances as loose 

ee wae » as +0.01%. At 49 MHz the resultant +5 kHz deviation 
3 could easily put the incoming signal out of the 3.2 kHz 
receiver IF bandpass. The signal should be coupled 
through the receiving antenna to ensure proper loading 
of the T3 input tank. ' 


: < 


aed 


Alignment is easier with a defeated AGC, which is ac- 
complished by merely grounding pin 16. The amplitude of 
the 455 kHz signal at pin 15is used to guide alignment. Care 
should be exercised that the signal swing not exceed 
, roughly 400 mVp or diode, D2, in Figure 4 will threshold and 
clamp the waveform. Also note that a standard 10 pF probe 
at pin 15 will shift the IF tank frequency an undesirable 
_ 2 kHz. Unless a lower capacity probe is available, it is 
- recommended that the signal be monitored at the unused 
secondary of T2. Although the signal amplitude would be 
down by a factor of 8.25 relative to pin 15, up to 50 pF probe 
AR pec ighe Se eae could be tolerated with negligible frequency 
Bae se STA Mos ; shift. 7 


— a 





| from the transmitter and then locating the transmitter at 
a sufficient distance from the receiver to give a conven- 
_ lent signal level (<400 mVp) at pin 15. T3, T1, and T2 are 
_ then tuned for maximum signal. 


_ The incoming signal is obtained by removing the antenna 
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Operation at 72 MHz 


The licensed 72 MHz band is popular among hobby en- 
thusiasts for controlling aircraft. The higher transmitted 
power levels that the FCC allows yield much greater 
operating range and the frequency band is uncluttered 
relative to 27 MHz. Elevated frequencies such as 72 MHz 
are no problem with the LM1872. The part is stable and 
will provide good sensitivity and selectivity at that fre- 
quency. The application circuit in Figure 8 will provide a 
set of solid decoded outputs for <2 »V of signal at the 
antenna input, which is designed to match the 10002 
resistive impedance of the 1/4 wavelength antenna. IF 
bandwidth Is a respectable 3.2 kHz. For good immunity to 
overload from a very closely (antennas touching) 
operating high power transmitter, the transmitter design 
should emphasize a high carrier ON/OFF ratio. Using the 
LM1871 as a low power exciter to drive one or more exter- 
nal class C power amplifier stages will result in a simple, 
acceptable, low cost transmitter at 72 MHz. 


Inasmuch as many hobby applications require more 
analog channels than the LM1872 normally provides, par- 
ticular attention should be paid to Figures 10 and 12 
which describe how to expand analog channel capacity 
up to 4 and 6 channels, respectively. , 


Operation with an IR Carrier 


An infra-red (or visible) light data link is a useful alterna- 
tive to its RF counterpart. Should the application demand 
that the radiation not leave the room, or that it be direc- 
tional, or not involve FCC certification then a light carrier 
should be given consideration. The principal drawbacks 
to this approach include short range (<20 ft.) and high 
transmitter power consumption. There is little that can 
be done to dramatically improve range, but short burst- 
type operation of the transmitter will still permit battery 
operation. 


The information link (Figure 9a) consists of a light carrier 
amplitude modulated by a 455 kHz subcarrier. The sub- 
carrier in turn is modulated by the normal Pulse Width/ 
Pulse Count Scheme produced be the LM1871 encoder. A 
husky, focused LED is used as the transmitter running 
Class A 100% modulated with an average current drain . 
of 50 mA to 500 mA depending upon range requirements. 
The detector consists of a large area silicon PN or PIN 
photodiode for good sensitivity. The LM1872 will directly 
interface to such a diode and give very good perfor- 
mance. Only a few nanoamps of photo current from D1 
are required to threshold the detector. Ambient light re- 





© jection is excellent due to the very narrow bandwidth (=3 


kHz) that results from the use of three high Q 455 kHz 
transformers, T1, T2, and T3. Note that the LO has been 
defeated and the mixer runs as a conventional 455 kHz 
amplifier. Otherwise, circuit operation is the same as if 
an RF carrier were being received. , 
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Ri - Motor mae C12 - Ant. input tank; C12= 160 pF @ 72 MHz . Ag . 
_ RQ - Syne timer, R2= SYNC p2<470k Lt - LO coil TERI | - 
0.7 C6 Toko* 10k type (KENC) aT. 0.2uH @ 72 MHz... | 
" j Rd ,- Mixer decoupling ; 3 neu be made aes ooh, | Gesired. ain “a 
1 - 455 kHz mixer transformer . 
: 1 -LO S; optional | 
C1 - LO bypass; option Toko* 10 EZC type (RMC-502182), Qu=110_ Ae 
C2 - LO tank; C2 =22 pF @ 72 MHz Pin 1-2, 827; pin2-3,82T Pe 
C3 - Ant. input tank; C3=24 pF @ 72 MHz Pin 1-3, 164T; pin 4-6, 30T ae 


.) f 219 Cyle 
c4 - Vel as bypass T2 - 455 kHz IF transformer 
C5 —- Motor decoupling Toko* 10 EZC type (RMC-502503), Qu = 110 


t 1- T; pi T ate. 
C6 - Sync timer; C6= SYNC 66 <0.5 uF <a i on i — eye 
0.7 R2 , Neg 
T3 - Ant. input transformer ie ok a 
= C7 '- Mixer decouple; 0.01 aF sC7=0.1aF Toko 40k type (KENC), 47 sec. & 2T pri. of 0.2 uH @ 
a c& - AGC 72 MHz 
C9 - IF bypass; optional X1_ - 5th overtone crystal, paralliel-mode, 72 MHz 


+ i "| 
<j C10 -V™ bypass; 0.01 hF <C10<0.14F ; Di - Electrostatic discharge (ESD) protectio beens | 


4i * Toko America, inc. ie eee | 
4 ’  §520 West Touhy Ave. iy. wa tek 

ry . ~ Skokie, II! 60077 rears 
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FIGURE 8. 72 MHz Receiver Circult - 


= | In a practical remote data link, the transmitter could be channels and the mechanically in the case of the aes 


£ battery operated and set up to transmit for brief intervals channels. neh 
only in order to save power. The brief transmission could ) CAI at | 
be used to set or reset the digital output latches in the As a final note, if the case of D1 is connected to 
LM1872 and /or command new motor positions via the anode rather than the cathode, the circuit of Figuré 9 
analog channels. After transmission, the commands should be used at the input to maintain electromagn?™ 


would be stored electrically in the case of the digital shielding. 
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- Load decoupling 
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- Preamp decoupling 
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~ Sync timer; C6 = "SYNC 0650.5 nF 
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- AGC . 
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- 455 kHz input transformer 
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Pin 1-3, 164T; pin 4-6, 5T 
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FIGURE 9a. IR Type Data Link 





- Photodiode, D1 Active Area (cm”) 
Vactec VTS 5088 0.18 
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FIGURE 9b. Input Stage Where the Case of D1 Is 
Connected to the Anode 
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Applications (Continued) 


LM1872 


Expansion to Four Analog Channels 


For those applications that require more than the two 
analog channels that are normally provided, the LM1872 
can easily be expanded to 4 channels with appropriate 
external circuitry. This is accomplished by creating a 
pseudo-sync pulse (tp,) among a six channel transmitted 
frame from the LM1871 (Figure 10). The pseudo-sync 
pulse deceives the decoder In the LM1872 causing 
premature recognition of end-of-frame, effectively split- 
ting a single’ frame into two. The idea Is to transmit 
analog channels 1 and 2 in the first half of the normal 
frame period and analog channels 3 and 4 in the second 
half. External logic will then steer the four channels from 
the LM1872’s only two analog output pins Into four new 
analog outputs. Steering is accomplished with the help 
of one of the digital channels. Inasmuch as the digital 
channels respond only to the number of pulses received 
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- CHB 
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between any two sync (or pseudo-sync!) pulses, the chan, 
nels are capable of toggling In step with the alternat; 

transmission of two and three channel pulse mini-grouns 
occurring within each half frame. Figure 10a reveals tha; 
both digital channels A and B are high during the dya; 
pulse half frame and low during Its triple pulse counte;. 
part. Figure 10b shows just how simple the external cj, 
cultry can be. Digital channel B drives the channe! selec; 
pin of a quad 2-input MUX that routes the LM1872 chan 
nels 1 and 2 outputs to the four new outputs labele, 
analog 1 through 4. -.~ : 


_ 


—4-8 =~ - 


Although not the model of simplicity of Figure 10 
Figure 10c is a |lower cost alternative that works just a 
well. The diodes with the asterisk prevent a ground ste; 
from occurring that could false trip an excessively edo: 
sensitive servo and can be eliminated in many cases. 
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FIGURE 10. Deriving Four Analog Channels Through the Use of 
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— b) Simple Decoding of Four Analog Channels with CMOS 
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eee OUTPUT | LM1872 
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_ ANALOG! , ui 
{CH 1 OUTPUT) 
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~. a : ; 
- ANALOG2 
“ 2 (CH 2 OUTPUT) : CH B (EM) 
© a | 
ANALOG 3 | e 
(CH 1 OUTPUT) 
au —_ *see text 
ts : 
- ANALOG 4 
2 (CH 2 OUTPUT) c) Low-Cost Decoding of Four Analog Channels with DTL 
cee « ‘ . , i" 
hoa FIGURE 10. Deriving Four Analog Channels Through the Use of i 
. an Auxiliary Decoder WHE : iif 
es | Four Single Channel Recelvers Driven from 8 Single single transmitter (Figure 11). Toggling digital channel A, : | 
a | Transmitter elther directly or through an inversion, Is used to Sup- | ahi, 
a press a given receiver's analog output when the he 
a er | When it is desired to control more than two vehicles or undesired analog channels are transmitted. In this man- . ip 
“E / remote stations with the analog Information from a ner, only the desired analog channel is outputted at each : 
or 1% single transmitter, the M1872 can be put to the task. By receiver. The amount of external circultry required to do i 
ae | utilizing the frame splitting technique previously de- . this is minimal; two receivers require a single transistor ‘ 
“2S # scribed in Figure 10, up to four independent single apiece while the other two receivers need no extra parts . i 
*. % analog channel receivers can be made to operate from a at all. , 
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a) Transmitter, Recelver, and Separated Channels Timing Diagram 
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b) Simple Channel Separation with Two External Transistors 


FIGURE 11. Obtaining Four Independent Single Analog Channel Receivers 
from a Single Common Transmitter | 
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~~» 55 Bapplications (continues) 
‘ = ES ; 7 gxpension to Six Analog Channels 
— <7 ‘ 7 7 gill greater analog capacity can be obtained with an out- 
— ait rd auxiliary decoder. The LM1872, a simple com- 
a erator, and an &-bit parallel-out serial shift register com- 
- Lael | a six analog channel! receiver/decoder (Figure 12). 


one transistor comparator reconstructs the detector 
iy put of the LM1872 from the sync timer waveform and 
_ nl BD gods it to the clock input of the shift register. The chan- 
4 output then loads a “one” into the register and the 


7 Bef . k shifts the “one” down the line of analog channel! 


m2 a4 puts In accordance with the time Information from the 

_ puTPuT getector output. Note that the reconstructed detector 
form lags the channel 1 output very slightly (#10 ys) 

que to the finite slope of the sync capacitor discharge 








mA This delay is very important as It insures that chan- 
: Bagel i ishigh when the clock strikes initially (thus loading 
o 4 ") and low for each subsequent positive clock edge 
cas” Bs preventing the loading of extraneous “1’s”). 
stil 
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Converting an Analog Channel to a Digital Channel 


Either analog channel can be converted to 4 digital chan- 
ne! with the aid of a low cost CMOS hex inverter (Figure 
13). The internal 10k resistor and external capacitor, C1, 
set a time constant (1 ms) that falls between a short (0.5 
ms) and a long (2 ms) transmitted pulse option. For 
pulses longer than 1 ms, the first inverter will pull low 
momentarily once each frame. Repetitive discharges of 
C2 prevent It from ever reaching threshold (V * /2) 
because the R1 C2 time constant is set longer (70 ms) 
than the frame period. With the inverter input below 
threshold, Q1 will energize the load. For analog output 
pulses shorter than 1 ms, the first inverter will back bias 
D1 allowing C2 to ramp past threshold and Q1 to go off. 
‘For extra output drive, the remaining inverters in the 
package can be paralleled to drive Q1. Alternatively, for 
light loads Q1 can be eliminated altogether. 
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a) Six Channel Timing Diagram 
. V*=6V 


MM74C 164 


b) Six Channel Auxillary Decoder 
FIGURE 12. Deriving Six Analog Channels 
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Applications (Continued) 


Where only one of the two available analog channels 
needs conversion to a digital format, the LM555 ap- 
proach offers simplicity combined with up to 150 mA of 
output drive (Figure 14). The trailing edge of CH 1’s out- 
put pulse is used to reset the timer in preparation for 
comparing CH 2’s pulse width to the time constant (1.1 
ms) set by the internal 10k resistor and C1. For CH 2 
pulse widths greater than 1.1 ms C1 ramps to threshold, 











LM1872 


1/6 
MM74C04 


eo 

sric oblank « 
setting an Internal latch In the LM555 and caus! 
load to be energized. Due to the timing of the reset Puls 
however, the LM555 output will go high again for 1.4, 
during the next pulse comparison cycle thus produc, 
an ON state duty cycle of about 95%. For most comm, 
ly encountered loads such as motors, solenoids, | 
and horns, this is of little consequence. The OFF gt, 


> 1G 
duty cycle Is 100%. nop ML ks 


nied. a e 


am. 
FIGURE 13. Conversion of an Analog Channel ; 
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0.10 uF 
CH2 +10% 


LM1872 


0s 1] 


CH 1 





LM555 
CONTROL 


TRIGGER DISCHARGE 


FIGURE 14. Simple Conversion of an Analog to a Digital Channel 
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Applications (Continued) 


Bridge Driving a Motor 


The two digital channels can be used to propel a car for- 
ward, off, and reverse without the need for a costly servo 
(Figure 16). The 100 mA digital output capability is used to 
drive a bridge of four transistors with Q5 added as a protec- 
tion device. Should an erroneous command to power both 
sides of the bridge occur (as may happen due to noise with 
the car out of range) the large motor drive transistors would 
fight one another resulting in the thermal destruction of 
one or more of those devices. But Q5 will disable the left 
side of the bridge whenever the right side is powered 
preventing the problem from ever occurring. The motor 
noise suppression network shown has proven to be 
especially effective in reducing electrical noise and is 
therefore highly recommended. 


Noise Integration of a Digital Channel 


Commonly available inexpensive DC motors are a for- 


midable source of electromagnetic interference. Radia- 


LM1872 


tion can come from the power feed leads and/or directly 
from the brushes. Usually proper lead dress and board 
orientation coupled with a good filter network (see Figure 
16) will eliminate any problems. In particularly stubborn 
cases of motor interference, the digital channels may ex- 
perience more objectionable interference than the 
analog channels. This is generally not because the 
digital channels are more susceptible, but rather 
because the type of load they typically drive (i.e. a horn) 
will make more of a nuisance of itself than a typical 
analog load (i.e. a steering servo) when subjected to 
interference. 


Straightforward time integration of the digital channel out- 
puts works very well with any type or degree of motor in- 
terference. The simple circuits of Figure 17integrate overa 
period of about three frames (70 ms) and have approximate- 
ly equal delay either going off or coming on. 


FIGURE 15. Interfacing Directly to Standard Hobby Servos 
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a) Low Current Load b) High Current Load 
FIGURE 17. Integrating a Digital Channel! Output to Achieve Noise Immunity 
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